Background and Purpose-Increased thrombin activity is an essential component of hemostatic reactions. This study elucidates how various hypoxic interventions impact endogenous thrombin generation (TG) after treatment with/without lipophilic antioxidant vitamin E. Methods-Twenty-four healthy sedentary men were randomly assigned to vitamin E (nϭ12) and placebo (nϭ12) groups.
A cute exposure to hypoxic environments typically shifts the endothelial phenotype toward that in which anticoagulant characteristics are reduced and proinflammatory features dominate the endovascular milieu, 1 increasing the risk of venous thromboembolism. Blood undergoes oxidative stress during hypoxia, 2 and elevated oxidative stress promotes the assembly of the prothrombinase complex and subsequently generates thrombin. 3 Hence, we hypothesize that hypoxia affects endogenous thrombin generation (TG) through modulating the redox status in circulation, in which reactions are determined by the exposing concentrations of O 2 in the air. To test this hypothesis, this study clarifies how various hypoxic interventions influence TG as well as lipid peroxidation and antioxidative capacity. Furthermore, the effect of vitamin E (a lipophilic antioxidant) on TG mediated by hypoxia was also investigated, thereby elucidating the role of oxidative stress on blood coagulation under various hypoxic conditions.
Methods
The Ethics Committee of Chang Gung Memorial Hospital approved this study. Informed consent was obtained from all subjects. Twentyfour healthy nonsmokers, who did not use medications or vitamins, were infection-free and cardiopulmonary risk-free, and did not have acute mountain sickness and venous thromboembolism, were recruited from Chang Gung University, Taiwan. Subjects were randomly assigned to a placebo (nϭ12) or vitamin E (nϭ12) group. One hour after oral treatment with 1000 IU vitamin E (5 mL 200 IU/mL liquid d-␣-tocopheryl acetate in 95 mL 5% glucose solution) or placebo (100 mL 5% glucose solution), each subject in each group was randomly exposed to 12% (severe hypoxia [SH]), 15% (moderate hypoxia [MH]), 18% (light hypoxia [LH]), and 21% (normoxia [N]) O 2 for 2 hours in an air-conditioned normobaric hypoxia chamber (Colorado Mountain Room). 4 The degree of air 12%, 15%, and 18% O 2 used corresponds to altitudes of approximately 4500, 3000, and 1500 m, respectively. The 4 tests were randomized in a counterbalanced order and separated by 2 weeks to ensure complete recovery between trials. For safety, reasons the test was determined to stop immediately as the level of O 2 saturation dropped to less than 70% or the subject reported obvious discomfort. All subjects were free of acute mountain sickness symptoms during experimental periods. Compliance rates were 100%.
Before and immediately after exposure to various O 2 concentrations, blood samples were drawn from forearm veins for measurement of hematologic parameters. The FVIII-depleted plasma samples were prepared by treating the plasma with 50 g/mL monoclonal antibodies (ESH-2, -4,-5, and -8) against human FVIII:C (American Diagnostica) at 37°C for 30 minutes. Dynamic TG was measured by calibrated automated thrombography (Synapse/Thrombinoscope BV) and expressed in terms of lag time (time until initial thrombin formation), endogenous thrombin potential (ETP; area under the thrombin curve), height of thrombin peak, and time to thrombin peak. 5 Additionally, plasma FVIII level was quantified using an IMUBIND FVIII enzyme-linked immunoassay kit (American Diagnostica); plasma FVIII:C activity was measured using a BIOPHEN FVIII:C kit (Aniara) and the chromogenic method.
Analysis of urinary15-F 2t -8-isoprostane was performed using an Agilent 6890 gas chromatograph linked to a 5975B mass spectrometer using negative ion chemical ionization. 6 The total amount of antioxidant was assessed by automatically determining the ferricreducing ability of the plasma assay, 4 whereas superoxide dismutase activity was determined with a commercial superoxide dismutase assay kit (Cyaman).
Statistical Analysis
Data are expressed as medians (interquartiles). Comparisons of experimental parameters between placebo and vitamin E groups on exposure to various O 2 concentrations were analyzed by repeated analysis of variance followed by Tukey's multiple range test. The criterion for significance was PϽ0.05.
Results
The placebo and vitamin E groups did not differ significantly in their anthropometric data: age, 22.2Ϯ0.8 versus 23.2Ϯ0.9 years; height, 172.5Ϯ2.0 versus 171.6Ϯ1.9 cm; weight, 65.9Ϯ1.9 versus 66.5Ϯ1.5 kg, and body mass index, 22.3Ϯ0.7 kg/m 2 versus 22.8Ϯ0.8 kg/m 2 , respectively. In the placebo group, SH decreased plasma total antioxidant content and superoxide dismutase activity, which was accompanied by a significant increase in urinary 15-F 2t -8-isoprostane level; total antioxidant content, superoxide dismutase activity, and 15-F 2t -8-isoprostane level were unchanged in response to MH, LH, and N. Conversely, in the vitamin E group, no significant change in the redox status existed after all hypoxic interventions (Table 1) .
Although SH in the placebo group did not influence lag time of thrombin formation and time to thrombin peak, the ETP and thrombin peak height increased after this hypoxic intervention. However, SH in the vitamin E group was not associated with any changes in all TG-related parameters.
Moreover, no significant alteration in dynamic TG existed after MH, LH, and N exposures in the 2 groups ( Table 2) .
The SH in the placebo group increased FVIII level/activity in plasma; no significant change occurred in plasma FVIII level/activity after all hypoxic exposures in the vitamin E group (Table 3) . Treating plasma with anti-FVIII antibodies reduced ETP and thrombin peak height and extended time to thrombin peak under all experimental conditions, simultaneously limiting increases in ETP and thrombin peak height by SH in the placebo group (Table 2 ).
Discussion
Extremely hypoxic environments are associated with increased incidence of vascular thromboemoblic events. 7 The authors' recent work established that acute exposure to 12% O 2 , but not 15% O 2 , suppressed vascular endothelial function and impaired hemodynamic control, likely by reducing antioxidative capacity and nitric oxide bioavailability. 4 Clinical investigations have also demonstrated that elevated oxidative stress facilitates oxidation of plasma lipoprotein, promoting the assembly of the prothrombinase complex and thrombin production, further causing blood to approach a procoagulation state. 3 Therefore, SH may simultaneously increase vessel resistance, reduce blood flow, and enhance blood coagulability by promoting lipid peroxidation and hindering antioxidative capacity in circulation, which, in turn, increase risk of vascular thrombosis.
Vitamin E, a lipophilic antioxidant, prevents tissue injury caused by free oxygen radicals through the effect of chain breaking on lipid peroxidation. 8 Dietary supplementation with vitamin E has been demonstrated to increase the tendency to bleed by inhibiting intrinsic coagulation 9 as well as by protecting against the detrimental effects of lipoprotein oxidation by limiting thrombin formation. 3 In this work, pretreatment with vitamin E suppressed the triggering of lipid peroxidation by SH and reduced the increases to plasma FVIII level/activity and TG after this hypoxic stimulation. When FVIII in plasma was depleted, SH did not change TG after treatment with or without vitamin E. These experimental observations clearly verify that increases in plasma FVIII bioactivity by SH-enhanced oxidative stress, which activates intrinsic coagulation, further promotes thrombin production.
A clinical investigation has demonstrated that patients with sleep apnea have lower vitamin E level and antioxidative capacity than healthy control subjects. 10 Moreover, changes of plasma redox status by episodic hypoxia in these patients were associated with cardiovascular dysfunction. 11 However, the antithrombotic benefits for the clinical uses of vitamin E supplement need to be further investigated by large Phase III cardiopulmonary trials. 12 Results of this study provide possible valuable insight into the protective effects of antioxidant vitamin E, which reduces the risk of thrombosis associated with hypoxic exposure.
